Background: Coronary artery aneurysm (CAA) is defined as dilatation exceeding 1.5 times the width of the normal adjacent coronary artery segments. CAA usually causes few symptoms, and rupture is rare, but can be lethal due to cardiac tamponade when it does occur. Case presentation: A 79-year-old woman presented with presyncope and back pain. Emergency surgery was performed based on a diagnosis of cardiac tamponade due to either rupture of coronary arteriovenous fistula or CAA. At surgery, a rupture site was located on the wall of the giant CAA, with a diameter of 55 mm, originating from the ostium of the right coronary artery. Suture closure of the inflow and outflow of the aneurysm was performed, and the aneurysmal cavity was obliterated by multiple sutures. The patient made an uneventful recovery and was discharged from hospital on postoperative day 13. Conclusion: On the basis of this case, we propose considering rupture of a CAA as one of the causes of cardiac tamponade.
Background
Coronary artery aneurysm (CAA) is defined as dilatation exceeding 1.5 times the width of the normal adjacent coronary artery segments. Those with a diameter > 20 mm are referred to as giant CAA [1] . CAA usually causes few symptoms, and rupture is rare, but can be lethal due to cardiac tamponade when it does occur.
We describe a patient with acute cardiac tamponade caused by spontaneous rupture of giant CAA with a coronary arteriovenous fistula (CAVF), who underwent successful emergency surgery.
Case presentation
A 79-year-old woman was transferred to a nearby hospital because of presyncope and back pain. She had no history of Kawasaki disease or prior thoracic trauma history. On arrival in the nearby hospital, her heart rate was 90 beats/min, and systolic blood pressure was 60 mmHg. Laboratory analyses showed elevated liver enzymes (glutamic oxaloacetic transaminase, 815 IU/L; glutamic pyruvic transaminase, 240 IU/L; lactate dehydrogenase, 924 IU/L), likely induced in response to shock. Transthoracic echocardiography revealed a 37 × 54-mm spherical mass adjacent to the right lateral atrioventricular groove and decompression of the right ventricle resulting from pericardial effusion. Systolic blood pressure improved to 100 mmHg after pericardial drainage (100 mL of blood) and infusion of a vasopressor. Computed tomography (CT) showed multiple aneurysmal masses in front of the heart communicating proximally with the right coronary artery (RCA) (Fig. 1) . Coronary angiography was therefore performed, revealing three CAA with CAVF. Two of the aneurysms drained into the pulmonary artery and originated from a branch of the RCA, and another arose from the origin of the left anterior descending artery (LAD) and drained into the pulmonary artery. One of the aneurysms from the RCA was a giant CAA, with a diameter of 55 mm (Fig. 2) .
The patient was transferred to our hospital for surgical treatment. Cardiac tamponade due to either rupture of CAA or CAVF was diagnosed, and emergency surgery was performed through a median sternotomy. The pericardial sac contained blood and clots. On completion of the pericardiotomy, blood oozing was evident and a rupture site was located on the wall of the giant CAA, originating from the ostium of RCA (Figs. 3 and 4). Cardiopulmonary bypass was established via an ascending aortic cannula and bicaval cannula. The patient was cooled to moderate hypothermia, the aorta was cross-clamped, and cold blood cardioplegic solution was delivered. The giant CAA was opened and the contents were evacuated. Suture closure of the inflow and outflow of the aneurysm was carried out, and the aneurysmal cavity was obliterated by multiple sutures. After surgery for the giant CAA, the second biggest CAA was found next to the giant CAA and measured 20 mm in diameter. This CAA was treated using a similar maneuver. No further giant aneurysms were subsequently recognized. Coronary artery bypass grafting was not performed, because the aneurysms were located in a small branch of the coronary artery. The smaller aneurysm of the LAD was not operated on, because this aneurysm was < 10 mm in diameter and this was not thought to represent a site of rupture. Furthermore, the fistula was not ligated because of the predicted difficulty of reconstruction.
The patient made an uneventful recovery and was discharged from hospital on postoperative day 13. A histopathological assessment of the excised CAA revealed coronary artery dissection (Fig. 5) . Follow-up CT was performed every 1 year after surgery. The patient remained well as of the 4-year follow-up, showing no expansion of the small coronary aneurysm.
Discussion
CAA is quite rare, occurring in 0.15-4.9% of patients undergoing coronary angiography [1, 2] . Giant CAA is even more infrequent. This abnormality is thought to originate in different ways. Atherosclerosis is the chief cause of CAA in adults, followed by Kawasaki disease. Other underlying conditions include connective tissue disease, arteritis, and CAVF [3] , defined as an abnormal communication between a coronary artery and a cardiac chamber, great artery, or vena cava. Dilatation of the CAVF is common, and although 19% of these may Computed tomography of the chest shows multiple aneurysmal masses (arrows) in front of the heart communicating proximally with the right coronary artery Fig. 2 Coronary angiography. Coronary angiography reveals three coronary artery aneurysms with coronary arteriovenous fistulae. One of the aneurysms from the right coronary artery was a giant coronary artery aneurysm (arrow) with a diameter of 55 mm become aneurysmal [4] , rupture of the aneurysm appears very rare. CAA with CAVF > 30 mm in diameter is at risk of rupture [5] . CAA > 50 mm in diameter shows an association with CAVF in 21.4% of cases [6] . That is, one of the causes of giant CAA is CAVF. In the present case, we considered that these CAAs derived from CAVF.
Coronary angiography is essential for establishing the diagnosis of CAA with CAVF. Newer imaging modalities, such as multidetector-row CT (MDCT), can be useful for demonstrating CAVF. MDCT is also well suited to noninvasively evaluating communications between CAA and the vessels in CAVF [7] . In the present case, CT was undertaken at a nearby hospital, not our hospital. MDCT was therefore not performed in this case.
Acute cardiac tamponade is often caused by acute aortic dissection, free wall rupture due to acute myocardial infarction, or a traumatic thoracic accident. The present experience indicates that rupture of CAA with CAVF should be considered as one potential cause of acute cardiac tamponade. Few reports have described ruptured CAA with CAVF resulting in cardiac tamponade [2, 8] . A review of published reports described the risk factors for rupture of CAA with CAVF as female gender, saccular aneurysm, Asian ethnicity, origin of the aneurysmal fistula in the left coronary artery, and hypertension [9] . We have here reported a case of ruptured CAA with CAVF in which the patient developed presyncope, back pain, and subsequent cardiac tamponade, but emergent surgical treatment was successfully performed.
We started to perform emergency surgery for aneurysm excision, and blood was observed oozing from the boundary around the giant CAA of the RCA and CAVF. Ligation of the fistula and excision of the giant aneurysm were initially considered necessary, but were not performed because the aneurysm of the LAD was < 10 mm in diameter. The patient remained well at the 4-year follow-up with no expansion of the small coronary aneurysm. Previous reports of ruptured CAA have noted diameter over 30 mm [2, 10] . Furthermore, CAA and CAVF in this case did not cause other symptoms such as angina or dyspnea. Complete surgical repair, including exclusion of the smaller LAD aneurysm and coronary revascularization to a graftable branch in the left anterior descending area combined with ligation of the associated fistula, is quite challenging and sometimes fatal because of the risk of broad anterior myocardial infarction without revascularization due to the lack of graftable branches. Accordingly, only the two giant CAAs of the RCA were operated on.
The 5-year survival rate of patients with aneurysms was 71% in one report that defined CAA as an aneurysm over double the size of the normal coronary artery or more than 8 mm in diameter [11] . We consider careful follow-up as important for this case.
Conclusion
We successfully performed surgical treatment for a ruptured giant CAA. On the basis of this case, we propose that rupture of a CAA should be considered as one cause of cardiac tamponade. 
